E pisodic hypertension, maximum systolic blood pressure (SBP), and visit-to-visit variability in SBP between clinic appointments 1,2 were strong predictors of incident and recurrent cardiovascular events in 5 large cohorts. Calcium channel blockers (CCBs) and thiazide diuretics reduced maximum SBP and SBP variability in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA) and Medical Research Council 2 (MRC-2) studies compared with renin-angiotensin system inhibitors (RASi) or β-blockers, 3 explaining differences in stroke risk between treatment groups, with similar effects in meta-analyses of all published studies. [4] [5] [6] Drug effects on SBP variability were seen in a wide range of patients 4 and persisted when used in combination. 7 However, clinical readings are impractical for prospectively assessing the effects of drug changes on SBP variability and maximum SBP, particularly in secondary prevention of acute cerebrovascular events when rapid control of BP variability may be desirable. 8 Furthermore, clinical readings in these randomized trials were performed during office hours with no consistent time of measurement. Therefore, clinical readings from randomized controlled trials (RCTs) cannot be used to determine differences in drug class effects on BP variability at different times of day.
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Day-to-day SBP variability on home BP monitoring (HBPM) is also significantly associated with the risk of stroke and cardiovascular events in both primary prevention 9, 10 and cerebrovascular disease, 11 with particularly strong associations on day-to-day readings in the early morning, before the time of clinical readings used in estimating visit-to-visit BP variability. 9, 10 This may reflect the association between the Stroke October 2014 morning surge in BP and risk of cardiovascular events, with episodic morning surges potentially being responsible for the association between high maximum SBP and stroke risk, 1, 11 as well as a parallel relationship between diurnal variability in BP and stroke risk. 12 HBPM potentially offers a practical method of assessing the effects of antihypertensive treatment on SBP variability in clinical practice and could also determine whether drug class effects on BP variability are greater in the early morning, when day-to-day variability has the greatest prognostic significance, but which cannot be assessed in large RCTs.
In an observational study of HBPM after transient ischemic attack or minor stroke, we investigated whether drug class effects on visit-to-visit variability in SBP demonstrated in large randomized controlled trials can be identified on day-today home SBP variability and whether drug class effects on day-to-day variability are different at different times of day.
Methods

Study Population
Consecutive patients were recruited between April 2008 and January 2012 from the Oxford Vascular Study's (OXVASC) 13 transient ischemic attack and minor stroke clinic usually <24 hours of referral. 14 The OXVASC population consists of 92 728 individuals registered with 100 primary care physicians in 9 practices in Oxfordshire, United Kingdom, with high ascertainment of cardiovascular events through multiple overlapping methods of ascertainment. 13 All patients requiring treatment for probable transient ischemic attack or stroke for whom consent was given underwent a standardized medical history and examination, ECG, and routine blood tests, with follow-up at 1,3, 6, 12, 24, and 60 months, usually face-to-face. The majority of patients underwent a stroke protocol MRI brain and contrast-enhanced MR angiography of the extracranial brain supplying arteries, with the remaining patients having a computed tomography brain and either a carotid Doppler ultrasound or computed tomography angiogram. The large majority of patients also routinely underwent transcranial Doppler ultrasound, echocardiography, and 5 days of ambulatory cardiac monitoring.
Procedures
Clinical BP was measured at ascertainment and 1-month follow-up visit in the nondominant arm, by trained personnel, in the sitting position after 5 minutes of rest, with 2 measurements made 5 minutes apart. From the ascertainment visit, or the earliest opportunity after discharge, all patients performed sets of 3 home BP readings, 3× daily (on waking, midmorning, and before sleep) with a Bluetoothenabled, regularly calibrated, telemetric BP monitor, either an IEM Stabil-o-Graph or an A&D UA-767 BT. 15 Patients were instructed to relax in a chair for 5 minutes before performing readings in the nondominant arm, or the arm with the higher reading if the mean BP differed by >20 mm Hg between arms, and were assessed at doing so at ascertainment. Anonymized measures were transmitted by Bluetooth radio to a mobile phone for secure transmission to a server hosting a password-protected website for review and download of readings (t+ Medical, Abingdon, United Kingdom). Patients continued home monitoring until at least the 1-month follow-up appointment, if tolerated, but could continue to achieve adequate BP control. Mean BP was treated to a target of <130/80 on home monitoring, except in the minority of patients with an hemodynamically significant stenosis (bilateral carotid stenosis >70% or severe end-artery stenosis) when targets were determined on an individual basis. Patients could be treated at the treating physician's discretion, but were most commonly treated according to a standardized protocol: a combination of perindopril 5 mg and indapamide 1.25 mg followed by addition of amlodipine 5 mg, then amlodipine 10 mg or indapamide 2.5 mg, with dose increases or the addition of other agents as required. Treatment was started in clinic if necessary, or after at least 1 week of HBPM. The choice of drug followed this standardized protocol regardless of BP level, BP variability, or demographic factors, but could be altered on the basis of absolute or relative contraindications, such as a previous reaction or heart failure (in the case of CCBs).
Analysis
Analyses were performed comparing baseline home readings acquired from 3 to 10 days before starting or increasing the dose of a drug to follow-up readings acquired from 8 to 15 days after the intervention. For each time period, the mean, minimum, and maximum SBP and diastolic BP (DBP) were derived from the average of the last 2 readings of each cluster of 3 readings at a specific time of day. Diurnal variability in SBP was measured as the coefficient of variation of the cluster averages for each day (SD of 3 time points/mean). Day-to-day variability in SBP and DBP was measured as the residual coefficient of variation about a moving average >5 days (to remove the influence of both mean BP and any underlying trend in BP) for the mean of all clusters and the mean of clusters at each time of day. 16 All follow-up measures were then expressed as a percentage change compared with the baseline period. Eligible medication changes were identified as any initiation or dose increase occurring after day 7 with ≤7 days of BP monitoring data before the drug change, and a minimum of 10 days after, excluding changes in which another drug was altered within these time limits. Changes were classified as increases in treatment (starting or increasing dose) of a drug associated with low variability in SBP in RCTs (CCBs/diuretics) or high variability in SBP (RASi or β-blockers), or treatment with a combination of a drug from each class, usually a RASi and a diuretic. Second, changes were classified as increased treatment with a CCB, diuretic, RASi, or a combination of RASi and diuretic.
Statistical Analysis
Unadjusted differences in BP indices between patient groups were assessed by t tests or ANOVA. Univariate correlations with continuous demographic indices were measured by linear regression, and differences between groups in frequency of discrete variables were compared by χ 2 tests. Multivariate general linear models (SPSS sum of squares type IV) were derived for each SBP or DBP index with independent variables including drug class allocation, age, sex, atrial fibrillation (premorbid or diagnosed <6 weeks of the event), creatinine, current smoking and a history of hypertension, diabetes mellitus, hyperlipidemia, or family history of stroke. A second model included these variables plus baseline mean SBP and baseline coefficient of variation.
All analyses were performed with Matlab R2012a, Microsoft Excel 2010, and IBM SPSS 20. The study received ethical approval from the Oxfordshire Research Ethics Committee, and all participants or their relatives provided informed consent to perform home monitoring.
Results
Five hundred of 536 patients had adequate home readings (1 died, 8 noncerebrovascular diagnoses, 27 inadequate recordings; Figure I in the online-only Data Supplement), with a median of 15 premorbid BP measurements (interquartile range, 6.4-30.5) and 83.6 BP clusters on home monitoring (interquartile range, 56-174) >30.8 days (interquartile range, 21.1-64.5), with 2.9 BPs per cluster (SD, 0.4). Of 462 drug changes made after day 7, 112 were made <10 days of stopping monitoring and 62 were made too close to another drug change. Of the remaining 288 eligible changes, there were 131 with CCBs (69 drug initiation, 62 dose increases), 55 with RASi (35 drug initiation, 20 dose increase), 47 with diuretics (33 drug initiation, 14 dose increases), 5 with β-blockers (4 drug initiation, 1 drug increase), and 50 with a combination of a RASi and a diuretic (12 drug initiation, 38 dose increase). Of these eligible interventions, 100 were with amlodipine, 52 with perindopril (39 in combination with indapamide), 25 with ramipril, and 32 with indapamide alone. Baseline demographic characteristics were well-matched between intervention groups (Table 1) , and there were no significant differences between groups in baseline SBP or DBP variability in day-to-day BP variability ( Table 2; Table I in the online-only Data Supplement), but baseline mean and maximum SBP were slightly higher in patients treated with low-variability drugs.
There was a significant reduction in variability in home SBP after treatment with CCBs or diuretics compared with RASi, with an intermediate effect of combinations containing both (Table 2) and no difference between CCBs and diuretics in effects on SBP variability (Table I in the online-only Data Supplement). There was no difference in change in global variability in DBP between drug groups (Table II in Differences between drug groups were consistent at different levels of baseline SBP variability (Figure 1) . Differences between drug classes in variability in SBP were greatest immediately after the intervention, due partly to an increase in BP variability with RASi, but the differences persisted >day 8 ( Figure II in the online-only Data Supplement). Differences in drug class effects on SBP variability reflected greater differences in effects on maximum SBP than mean or minimum SBP (Table 2 ; Figure 2) , with a similar distribution of effects at each level of maximum SBP. The effect of treatment on maximum SBP with a combination of a low-and a high-variability drug was intermediate between the 2 monotherapy interventions. Similar effects were found when treatment groups were defined as CCBs versus other drugs or as CCBs versus diuretics versus any regimen containing a RASi. There was no significant difference between groups in change in mean, minimum, or maximum DBP ( Table I in the onlineonly Data Supplement).
The reduction in day-to-day variability in SBP and maximum SBP with low-variability drugs was greatest for day-today early-morning SBP readings, with a significant increase in patients treated with RASi, no significant change in patients treated with CCBs or diuretics, and an intermediate effect of treatment with a combination of the 2 classes (Table 2 ). There was no significant difference between groups in change in day-to-day variability in SBP in the middle of the morning (P=0.79) or in the evening (P=0.72), and no difference between groups in change in diurnal variability ( Table 2 ). The differences between drug groups in day-to-day SBP variability immediately after waking persisted after adjustment for age, sex, cardiovascular risk factors, baseline mean SBP, and baseline variability in SBP (Figure 2 ; Table IV in the onlineonly Data Supplement). Again drug class differences in earlymorning SBP variability primarily reflected greater reductions in maximum SBP with CCBs or diuretics (Table 2) , with no difference in change in mean or minimum SBP between groups.
Discussion
CCBs and diuretics reduced variability in SBP and maximum SBP on HBPM compared with RAS inhibitors. These drug class effects persisted with combinations of diuretics and RASi and were particularly evident with day-to-day SBP variability on early-morning readings. Effects on day-to-day variability were primarily because of a significantly greater reduction in maximum SBP with CCBs or diuretics in the morning with no differences between drugs in reduction of mean SBP at any time of day. This is the first study to demonstrate the effect of antihypertensive medications on day-to-day home SBP variability, with CCBs and diuretics reducing SBP variability compared with RASi, due primarily to effects on maximum SBP, with no significant drug class differences in effects on mean SBP. These differences were similar for maximum and variability in SBP across the population. Although the 4% reduction in BP variability with low-variability agents seems small, this is significantly different to the 7.8% increase with high-variability agents and is likely to reflect greater reductions in some patients. This effect is consistent with the effect of CCBs and diuretics on visit-to-visit SBP variability and maximum SBP in large RCTs [1] [2] [3] [4] [5] [6] and may explain the reduction in the subsequent risk of stroke, although an appropriate choice of antihypertensives also needs to consider other demographic factors such as ethnicity and comorbidities. Nonetheless, this study suggests that HBPM offers a potential practical method of monitoring the change in BP variability in response to antihypertensive treatment, with the potential to reduce BP variability-associated cardiovascular risk.
The effect of CCBs and diuretics on day-to-day SBP variability was greatest immediately after waking compared with other times of day, with a similar effect on maximum SBP but with no difference in effects on mean or minimum SBP after waking. This implies that the most important effect of CCBs or diuretics on SBP variability results from limiting episodic peaks in SBP after waking, which is consistent with the greater prognostic significance of morning day-to-day variability in SBP compared with the evening. 10 This may be because of a reduction in day-to-day variability in the morning surge in BP, which is predictive of future cardiovascular events and the timing of which matches the increased risk of stroke in the morning compared with later in the day. 12 These effects are not because of consistent changes in the magnitude of the morning surge every day because there was no difference in mean diurnal variability, but are likely to result from limiting episodic surges. Therefore, the shorter half-life of RASi is unlikely to explain the difference with CCBs and diuretics, because this would cause a consistent difference in diurnal coefficient of variation.
There were too few drugs used in this study from each class to determine if there were differences between agents within drug classes. In fact, amlodipine, perindopril, and indapamide were the most commonly used drugs, and it is Figure 2 . Differences between change in variability or maximum systolic blood pressure (SBP) after initiation of drugs associated with lower SBP variability, higher SBP variability, or a combination of both. Results presented are mean percentage change in maximum SBP or residual coefficient of variation (rCV) in SBP for d 8 to 15 after starting or increasing each treatment compared with 3 to 10 d before the intervention, adjusted for age, sex, diabetes mellitus, history of hypertension, current smoking, family history of stroke, dyslipidemia, atrial fibrillation, creatinine baseline mean SBP and baseline maximum SBP, or SBP-rCV. P values and confidence intervals are derived from general linear models, comparing drugs associated with lower SBP variability (low) with drugs associated with higher SBP variability (high).
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possible that the differences found in this study are driven by specific differences between these drugs rather than drug classes. However, such differences within drug classes were not found in previous meta-analyses of drug class effects on other forms of BP variability. 4 This study also demonstrated that the combination of a RASi and indapamide resulted in an intermediate effect on day-to-day SBP variability compared with RASi or diuretics alone. This is consistent with a previous meta-analysis of RCTs 7 that used interindividual SBP variability as an indirect measure of intraindividual SBP variability. Therefore, in patients with increased SBP variability on a RASi, the addition of a diuretic will limit variability in SBP.
There were some limitations to this study. First, patients received antihypertensive drugs at the nonrandomized discretion of the treating physician, guided by a standard protocol. However, the primary aim of this study was to investigate the effects of antihypertensive treatment on home day-to-day SBP variability at different times of day, rather than prove the existence of any effect on SBP variability because this has already been demonstrated in analyses of large RCTs. [1] [2] [3] [4] Second, the study was performed in patients with acute transient ischemic attack or minor stroke, limiting its generalizability, but this is the optimal group of patients to investigate because they are at the highest risk of recurrent stroke, and currently there is only limited evidence of the effect of antihypertensives on SBP variability in secondary prevention. [1] [2] [3] [4] Third, diurnal variability on HBPM was only measured at 3 time points in each day rather than using ambulatory BP monitoring. However, repeated ABPM would be impractical for the assessment of treatment responses, and multiple HBPM readings on different days produce a more reliable estimate than can be obtained with a single day of ambulatory readings. 17, 18 Fourth, patients receiving CCBs had higher premorbid BPs, and there were more dose adjustments in this group, which could potentially confound between-group comparisons. However, because we used within-individual change in BP variability, and as the results are highly consistent with previous findings of RCTs, it is unlikely that there is significant confounding. Fifth, there was no direct measure of medication compliance, but as BP was monitored daily, any clinically significant lack of compliance resulted in contact with the patient. Sixth, relatively few patients received eligible drug changes because not all patients required treatment or else required treatment changes within the first 7 days of the study, or close to stopping monitoring, and therefore change in BP variability could not be reliably analyzed. Nonetheless, there were adequate interventions within the major drug classes to enable analysis. Finally, all readings were taken in a relaxed sitting position at home, which may not accurately reflect real-life BP behavior. However, this does not necessarily reduce its prognostic significance and is likely to increase reproducibility and accuracy by limiting artefactual surges in measured BP. 
